SUMMARY Six groups of 3 rabbits each were immunised with ovalbumin and received one intraarticular injection of antigen. The animals of 3 groups received local x-ray irradiation of 600 rads for 8 minutes to the right knee joint 12 days after the intra-articular challenge. Animals of the other 3 groups were not irradiated. The antigen-induced arthritis was investigated by determining the exudation in synovial fluid and by histological study of the synovium examined 48 hours, 7 days, and 4 weeks after the irradiation date. All animals in the nonirradiated groups showed a distinct chronic synovitis. Irradiated animals showed almost no synovitis 48 hours and 7 days following irradiation. In 2 rabbits synovitis had reappeared 4 weeks after irradiation with findings similar to those in the control groups. Only one animal still showed an inhibition of synovitis. X-ray irradiation of non-challenged knees did not induce any pathological changes. This time-limited effect of one local irradiation on antigen-induced arthritis seems to be mainly an anti-inflammatory action. Local immunological inhibition might possibly operate too. X-ray induced inhibition of synovitis is compared with the effect of locally injected radiocolloids.
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Approaches to the local treatment of rheumatoid joints have included intra-articular injections of corticosteroids, cytostatic compounds, osmic acid, and radiocolloids. Claims have been made for the lasting benefit of intra-articular irradiation by radiocolloids such as yttrium-90.' The application of the latter therapy is, however, limited by possible side effects as well as leakage of radioactivity into the surrounding tissues of the joint and the need to restrict its use to older patients. Numerous reports have been published on the clinical application of synoviorthesis with radiocolloids, but only a few data relate to its effects in experimental arthritis such as antigeninduced arthritis2' or adjuvant arthritis.4 It seems surprising, furthermore, that intra-articular irradiation by radiocolloids has received so much attention to the relative neglect of studies on the treatment of rheumatoid arthritis5-7 or experimental arthritis'
with local x-ray irradiation. To obtain information about the effect of local x-ray irradiation on arthritis we have treated antigen-induced experimental arthritis9 of rabbit knee joints with locally applied x-rays.
The effects were investigated cytologically in the synovial fluid and histologically in the synovium. 
Material and methods
Animals. Random bred rabbits weighing from 2 0-2-5 kg were immunised with 1-0 ml of a mixture of identical volumes of 1 mg ovalbumin per ml phosphate-buffered saline (PBS) and complete Freund's adjuvant subcutaneously, divided between 4 sites on the back. Two weeks later 0 5 ml of 1 mg ovalbumin per ml PBS was injected intraperitoneally. This procedure was repeated after 14 days. Five days later the animals were bled and the antiovalbumin titre of the serum determined by passive haemagglutination.
Experimental procedure. Immunised rabbits showing by passive haemagglutination a titre of antiovalbumin from 1:100 000 to 1:1 000 000 were divided into 6 groups of 3 animals, and each received an intra-articular injection of 0-5 ml of 1 mg ovalbumin per ml PBS into the right knee joint and 0 5 ml PBS into the left knee.
The animals in groups 2, 4, and 6 received x-ray irradiation 12 days after the intra-articular challenge; animals in groups 1, 3, and 5 did not receive x-rays. The animals in group 1 and 2 were killed 48 hours after irradiation (14 days Investigation. Under sodium pentothal anaesthesia the joint was injected with 0-5 ml of sterile saline plus 0 05 ml Liquaemin (5000 IU heparin/ml) and as much fluid as possible was aspirated. Animals were subsequently killed with sodium pentobarbitone.
With the patellar tendon dissected and retracted distally the joint capsule was exposed and opened. Under compression of the knee joint residual joint fluid was aspirated. The 2 specimens were pooled for volume measurement, and after thorough mixing duplicate white cell counts were performed using Turk solution. From this the total number of cells in the aspirate was calculated.
Histological investigations. After aspiration of synovial fluid the synovial membranes were fixed for 3 days in 10% aqueous formaldehyde solution and embedded in paraffin. Sections 4 gm thick were stained with haematoxylin-eosin and by van Gieson's method with simultaneous elastin stain.
Results
Immunised animals. Table 1 shows the cellular exudation into the synovial fluid and the histological changes in immunised animals (groups 1-6).
PBS controljoints. Animals in all groups which had received an intra-articular injection of PBS showed no cells or only a minimal number (10 000-125 000) in the synovial fluid, which corresponds to controls in earlier experiments.l" " The histology of the synovial membranes in the PBS controls showed no pathological changes (Fig.11 ) in irradiated or nonirradiated animals. i'.' Fig. 1 Histological appearances of knee joint synovium. Following immunisation with ovalbumin all animals received an intra-articular challenge with either antigen or PBS (control) on day 0. X-ray irradiation either was or was not administered on day +12. A: day +14. Antigen-challenged, nonirradiated right knee joint showing active arthritis (group 1). B: day +14. Antigenchallenged, irradiated right knee (48 hours after irradiation); inhibition of arthritis (group 2). C: day+19. Antigenchallenged, nonirradiated right knee; arthritis present (group 3). D: day+l 9. Antigen-challenged, irradiated right knee (7 days after irradiation) inhibition of arthritis (group 4). E: day +40. Antigen-challenged, nonirradiated right knee; arthritis present (group 5). F: day+40. Antigen-challenged, irradiated right knee (4 weeks after irradiation) inhibition of arthritis (group 6, no. 13). G: day +40. Antigen-challenged, irradiated right knee; reappearance ofarthritis (4 weeks after irradiation) (group 6, nos, 19, 21 (Fig. 1 A,  C) . In group 5 this infiltration was particularly marked (Fig. 1E) .
Challenged and irradiated joints of immunised animals. In groups 2 and 4 these animals showed a significant decrease in the synovitis compared with groups 1 and 3. The lining cell layer did not show any proliferation and almost no infiltration ( Fig. 1 B, D) . (Fig. 1 G) .
One animal did not show any distinct signs of arthritis as in the animals in groups 2 and 4 ( Fig. 1 F) .
Antigen-injected and irradiated joints in nonimmunised animals. (Fig. 1 H) . Influence of x-ray treatment on antigen-induced experimental arthritis 535 Widespread destruction of inflamed synovial membranes was seen with as little as 2 mCi of 165Dy, whereas in 2 rabbits the response to 6 or 7 mCi was disappointing. It was, however, considered that examination of synovial membranes 4 weeks after irradiation seemed to be too late for the investigation of acute radionecrosis effects and too early to observe a long-term effect. Meier-Ruge et al.3 studied antigen-induced experimental arthritis 14 days, 2 weeks, and 4, 6, and 12 months after the intra-articular injection of 0-2-0 4 mCi 'Y. Fourteen days after the application the inflammatory oedema had disappeared, the lining cell layer of synovial membrane had decreased, and hyalin changes were present in the subsynovial connective tissue. After 3 to 4 months this evolved into fibrosis without inflammatory changes. Six to 12 months later the previously arthritic joints showed only sclerotic changes in joint capsules. Only animals with severe forms of experimental arthritis showed inflammatory areas in the synovial membranes which lasted 12 months.
Intra-articular injection of 0-2-0 4 mCi 'Y into the knee joint of normal rabbits caused a disappearance 2 weeks later of the cell lining layer, increasing obliterations of vessels, and an increase of fibroblasts in the synovial villi. Four weeks later there was a distinct increase of fibroblasts as well as hyaline obliteration of vessels in the synovial tissue. Pavelka et al.15 have described the histological effects of small doses of 9Y injected intra-articularly into knee joints of normal rabbits. They observed fibrosis associated with small vessel endarteritis 1 to 4 months after injection. Meier-Ruge et al.3 conclude that less destructive effects appear in 9Y treated arthritic joints than in untreated arthritic joints and that intraarticular treatment with 9Y should have a favourable therapeutic effect.
While intra-articular injection of radiocolloids induced inflammation, fibrosis, and sclerosis even in normal knee joints of rabbits, local irradiation with 600 rads (200 rads/day for 3 days) reduced the severity of adjuvant arthritis.8 These investigations were, however, performed 100 days and 6 months after induction of arthritis. Local irradiation, as performed in this study, used one dose of 600 rads; investigation of knee joints was performed 48 hours and one and 4 weeks later (14, 19 , and 40 days after challenge). In contrast to the intra-articular injection of radiocolloids, this local irradiation of normal knee joints induced neither cellular exudation into synovial fluid nor a significant histological change in the synovium. A comparison with the effect of local irradiation (3 doses of 200 rads on consecutive days) to the paws of normal rats is not possible, since in that study8 normal control groups were not investigated.
Irradiation of arthritic joints 12 days after challenge with a single dose of 600 rads did not seem to have any effect on the numbers of cells in synovial fluids, since 48 hours and 1-3 weeks after irradiation no difference in the cell numbers of irradiated or nonirradiated arthritic joints was observed. However, between 48 hours and 1 week after irradiation a distinct difference occurred in the synovial membrane. The irradiated arthritic joints showed an inhibition of both lining cell proliferation and infiltration with mononuclear cells. In 2 animals this inhibition had, however, disappeared, 4 weeks after irradiation. Only one animal still showed significant inhibition of arthritis at this time. This inhibition of inflammation observed in our model is probably an anti-inflammatory effect, not influencing the cellular exudation into the synovial fluid (induced during the 12 days between the intra-articular challenge and the time of irradiation), but suppressing the synovial inflammatory process through irradiation.
X Comparison of the effects of one dose of local irradiation with radiocolloid injections into the healthy joint shows that 600 rads applied for 8 minutes do not iuduce histological alterations in normal synovium, whereas intra-articularly injected 0-2-0-4 mCi 90Y or 2 mCi .65Dy led to degenerative changes of the lining cell layer, fibrosis, and obliteration of vessels.
In arthritic joints radionucleotides produce changes, varying from disappearance of oedema, reduction of lining cells, and fibrotic and hyaline changes of the subsynovial connective tissue to sclerosis and destruction of inflamed synovium. By contrast local x-ray irradiation of arthritic joints induced during the first 2 weeks purely a reduction of synovitis. Thus, while a single dose of intra-articular radionucleotide appears to induce a type of radiation synovectomy, x-rays decrease general inflammation (and possibly also local imunological reactions). This anti-inflammatory effect appears to be time-limited. Clearly no leakage of radioactivity occurs with local x-ray irradiation, and no destructive effects on normal synovium have been observed.
The absence of these side effects may tell in favour of clinical testing of x-ray treatment of inflammatory forms of arthritis, such as rheumatoid arthritis.
Further studies of experimental arthritis might clarify this type of treatment. It certainly should not cause any more destructive changes or side effects than synoviorthesis with radionucleotides. In this connection side effects like bone necrosis can be discounted, since the effect of irradiation on bone is well known"7 and a surface dose of 600 rads transmits an absorption dose of about 300 rads to bone. This amount does not induce a demonstrable bone reaction. Recent investigations of potential radiation-induced side effects in rabbits showed osteonecrosis at a dose of 1500 rads, which is 2-5 times the dose we used. Even at this higher dose regeneration of the bone was complete after 10 weeks.17 So far as side effects on the gonads are concerned, with appropriate shielding local irradiation of limb joints produces negligible irradiation effects on gonads. Irradiation of the human shoulder joint18 transmits 0-015 % of the total surface dose to the ovaries and 0 003 % to the testicles. A local surface dose of 10 Gy (1000 rads) would transmit to the ovaries a dose of 150 mrads and to the testicles of 30 mrads. Since a routine stomach x-ray examination exposes the gonads of males to 35 mrads and of females to 56 5 mrads, 9 the irradiation of distal limb joints would be acceptable from this point of view. Therapeutic irradiation of the hip or sacroiliac joints should not, however, be undertaken. In the light of this study and others performed in a similar way x-ray irradiation of inflammatory arthritic joints should be reconsidered.
